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ABSTRACT: 



An intravascular stent especially suited for implanting in curved arterial portions or ostial regions 
The stent can include an end region which is fabricated to have a greater radial strength than the 
remaining axial length of the stent. Such a stent is particulariy suited for use in ostial regions 
which require greater support near the end of the stent. The stent alternatively can include ' 
sections adjacent the end of the stent with greater bending flexibility than the remaining axial 
length of the stent. Such a stent is particuiariy suited for use in curved arteries. The stent can also 
be constructed with an end that has greater radial strength and sections adjacent the end with 
greater bending flexibility. Such a stent prevents flaring of the stent end during insertion 
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(54) Stent with variable features to optimize support and method of making sucti stent 



(57) An intravascular stent especially suited for 
impiartting in curved arterial portions or ostial regions. 
The stent can include an end region which is fabricated 
to have a greater radial strength than the remaining 
axial length of the stent. Such a stent is particularly 
suited for use in ostial regions, which require greater 
support near the end of the stent The stent alternativeiy 
can include sections adjacent the end of the stent with 



greater bending flexibility than the remaining axial 
length of the stent. Such a stent is particularly suited for 
use in curved arteries. The stent can also be con- 
structed with an end that has greater radial strength and 
sectiorts adjacent the end with greater t>end[ng flexbil- 
rty. Such a stent prevents flaring of the stent end during 
insertion. 
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Description 

BACKGROUND OF TOE INVENTION 

RELD OF THE INVENTION 

The present invention relates generally to stents for 
innpianting into a living body. In particular, the present 
invention relates to intraluminal stents especially suited 
for implanting in a variety of lumens having variable 
characteristics, such as variable curvature, side branch- 
ing, variable diameter, variable waU compliance or "end 
effects" of either the lumen, as found, e.g.. in ostia. or 
the stent as the parameters may change at its ends. 

DESCRIPTION OF THE PRIOR ART 

It is well known to use a stent to expand and impart 
support to differerrt bodily conduits, such as blood ves- 
sels, by exparxfing a tube-like structure inside the ves- 
sel requiring support against collapse or closure. U.S. 
Patent No. 5.449.373 shows a stent preferably used for 
vascular implantation as part of a balloon angioplasty 
procedure. The stent of U.S. Patent No. 5.449.373 may 
be delivered through, or implanted in, a curved vessel. 
One shortcoming of conventional stents is that they may 
have deficiencies due to "end effects" where the ends of 
thQ stent terxJ to llare ouT during insertion or after 
expansion or have a decreased radial force at the erxJ. 
Still another shortcoming of conventional stents is they 
do not have different characteristics. (e.g.. flexibility and 
rigidity), to accommodate any changing characteristics 
of the section of the lumen requiring different stent char- 
acteristics. 

SUMMARY AND OBJECTS OF THE INVENTION 

The present invention provides for various embodi- 
ments of an intraluminal stent which includes varied or 
different mechanical properties along the axial length of 
the stent in order to improve stent end effects, or to 
accommodate variable vessel features. As a result, the 
various embodiments of the present invention allow for 
variat)le properties such as flexibility or radial support 
between axial regions of the stent These varied proper- 
ties can be accomplished in a rumber of different ways, 
including decreasing or increasing the thickness or 
width of elements of one or more of the sections relative 
to other sections and/or inaeasing or decreasing the 
axial length of one or more of the sections and/or 
changing the cell shape and size and/or changing mate- 
rial properties (e.g.. strength, elasticity, etc.) of the 
material in one section relative to other sections. 

The various embodiments of the stents of the 
present invention may be adapted to provide nrore flex- 
ibility at the erxls to allow the stent to accommodate the 
curvature of a vessel in which the stent is implanted. 
The degree of f lexa)ility and the distance from the end of 



the stent to which the extra f lexd)ility is inrparted may be 
varied as specific applications dictate. Th^ fiexi)ility at 
the ends reduces the chance of a potential trauma point 
being created in the vessel by the stent tip pressing on 

5 the wall outside of the curve if the stent is not flexible 
enough along its longitudinal axis. In one embodiment 
of the present inventioa flexibility of tiie stent ends s 
increased by reducing the gauge of the material used in 
a section or sections at the ^errt ends. In another 

10 embodimerrt the f lexft>(lity of the st^ ends is increased 
by changing the dimensions of a section or sections at 
the stent mis. In yet another embodiment of the inven- 
tion, the flexibility of the sterrt ends is increased by 
changing tx>th the dimensions and the gauge of the 

15 material used in a section or sectioris at the stent ends. 
The various embodiments of the stents of the 
present invention may also be adapted to insure 
increased radial strength at the ends. Radial strength Is 
the resistance of a section of the stent, in an expanded 

20 State, to radial contraction. Increasing the radial 
strength of a stent at the ends is particularly advanta- 
geous for stents supporting ostia. Because lesions at an 
ostium tend to be more calcified or hardened, and there- 
fore require more support, the section of the stent si^ 

25 porting the ostium must be relatively strong. It is also the 
case that a stent with uniform characteristics has a 
decreased radial force at the end due to the "end effect" 
whereby the last row has no support on one side. In one 
embodiment of the present invention, the strength of the 

30 Stem at the end supporting, e.g., tiie ostium, is 
increased by reducing the length of some sections at 
the stent end. 

The various embodiments of the stent of the 
present invention also reduce the chance of llare" at 

35 the end of the stent while the stent is being fed into a 
vessel. During insertion of the catheter delivery system 
into a curved vessel, the delivery system, including the 
sterrt crimped on it. bend along the curvature of the ves- 
sel. This bending of the stent can cause a llaring out" of 

40 the leading edge of the stent. This flaring could cause 
the stent to catch on the surface of the vessel which 
could result in tiBuma to the vessel, could inhibit further 
insertion and proper positioning in the target area, and 
could cause plaque to break off, which could embolize 

45 and clog the vessel. In one embodiment of the present 
invention, flare is minimized tTy making the section at 
the stent end stronger by reducing its length, and by 
making sections adjacent to the stent end more f lexiksle 
by reducing tfieir widths, thus, deaeasing the bending 

so strengtii of those sections. Bending strength Is the 
resistance of a section of the stent to axial bending. As 
a result, the end of the stent remains tightly crimped on 
the balloon, and the bending moment is taken up by the 
deformation of the more flexible sections. Upon expan- 

55 sion. the reduced bending strength allows the end of the 
stent to curve and fit better the curvature of the vessel, 
thereby, reducing the pressure of the tip of the stent on 
the internal waU of ttie vessel being treated. 



2 



3 



EP0 830 853A1 



4 



It is an object of this invention to provid a stent 
which does not have sharp points or protrusions at its 
end concentrating pressure on the vessel's wail upon 
expansion of the stent in a curved portion of a vessel. 

It is another object of this invention to provide a 
stent having a radial torce at its distal end that is greater 
than the radial force in the portion of the stent proximal 
to the distal end. 

It is yet another object of this invention to provide an 
expandable stent conprising: a plurality of intercon- 
nected f lextole cells defining a stent having a proximal 
end and a distal end and a longitudinal axis, the ceils 
arranged in a plurality of interconnected fiexijle rows 
disposed along the kx^gitudinal axis of the stent with a 
distal row disposed at the distal end of the stent and a 
proximal row disposed at the proximal end of the stent 
wherein the cells disposed in the distal row of the stent 
are adapted to exert greater radial force and are further 
adapted to be nrore flexible than the cells disposed in 
the rows disposed between the distal row and the prox- 
imal end of the stent 

It is still another object of this Invention to provide 
an exparxjaWe stent, comprming: a plurality of intercon- 
nected fiexWe cells defining a stent having a proximal 
end and a distal end and a longitudinal axis, the cells 
arranged in a plurality of interconnected flexible rows 
disposed along the longitudinal axis of the stent with a 
distal row disposed at the distal end of said stent and a 
proximal row disposed at the proximal end of the stent 
wherein the cells in the distal row of the stent ar»d the 
cells disposed in the proximal row of the stent are 
adapted to exert greater radial force and are further 
adapted to be more flexible than the cells disposed in 
the rows disposed between the distal row and the prox- 
imal row. 

It is another object of this invention to provide an 
expandat)le stent, comprising: a) a plurality of intercon- 
nected flexble cells defining a stent having a proximal 
end and a distal end and a longitudinal axis, the cells 
arranged in a plurality of interconnected flexible rows 
disposed along the longitudinal axis of the stent with a 
distal row disposed at the distal end of the stent and a 
proximal row disposed at the proximal end of the stent 
each of the flexible ceils comprising a first member, a 
second member, a third member, and a fourth member; 
b) a first C-shaped loop disposed between the first 
member and the third merrier; c) a second C-shaped 
loop disposed between the second member and the 
fourth member; d) a first flexible connector disposed 
between the first member and the second member; and 
e) a second flexible connector disposed between the 
third member and the fourth member, wherein the cells 
of the distal row are provided with first and third mem- 
bers that are shorter than the second and fourth mem- 
bers in tfie distal row. and wherein the distal row is 
provided with first arri second flexible connectors that 
are more f Iex3}le than the flexible connector^ in the cells 
in the other rows of the stent 



It is yet another ck)ject of ths invention to provid an 
expandable stent comprising: a) a plurality of intercon- 
nected flexiW cells defining a longitudinal st^ having 
a proxin^ end and a distal end and a longitudinal seas, 

s the cells aaanged in a plurality of interconnected f lexWe 
rows disposed along the longitudinal axis of the stent 
with a distal row disposed at the distal end of the st^ 
and a proximal row disposed at the proximal end of the 
stent each of the flexible cells comprising a first menv 

w ber, a secorxj men*er. a third merrt>er, and a fourth 
member; b) a first C-shaped loop disposed between the 
first member and the third mender; c) a second C- 
shaped loop disposed between the second member 
and the fourth member; d) a first flextt3le connector disr 

75 posed between the first merrtser and the second mem- 
ber; and e) a second flexible connector disposed 
between the third member arxl the fourth member, 
wherein the cells of the distal row are provided with ftsl 
and tftird members that are shorter than the second and 

20 fourth memt>ers in the distal row. and wherein the distal 
row, and the row proximal to the distal row, are provided 
with first and second flextoie connectors that are nrxxe 
f lexWe than the flexible connectors in the other rows of 
the stent. 

25 ft is a further aspect of this invention to provide an 
expandable stent comprising: a) a plurality of flexible 
cells defining a stent having a proximal end and a cfistal 
end and a longitudinal axis, the cells ananged in a plu- 
rality of flexible rows along the longitudinal axis with a 

30 distal row disposed at the distal end of the stent and a 
proximal row disposed at the proximal end of the stent 
eac^ of the flexible cells comprising a first menri>^, a 
second member, a third member, and a fourth member; 
b) a first C-shaped loop disposed between the first 

35 member and the third member; c) a second C-shaped 
loop disposed between the second member and the 
fourth merrber; d) a first flexible connector disposed 
between the first member and the second member; and 
e) a secorxj flexil^le connector disposed between the 

40 third mennber and the fourth menrt>er, wherein the cells 
of the distal row are provided with first and third merrv 
bers that are shorter than the second and fourth mem- 
bers in the distal row, and wherein the cells of the 
proximal row are provided with second and fourth mem- 

45 bers that are shorter than the first and third members in 
the proximal row. and wherein the distal row, and the 
row proximal to the distal row, and the proximal row and 
the row distal to the proximal row are provided with first 
and second i\exfbie connectors that are more flexflWe 

so than the flexible connectors in the other rows of the 
stent 

ft Is yet another ot)ject of this invention to provide an 
exparxiable stent, comprising: a plurality of flextoie cells 
defining a stent having a proximal end and a distal end, 
55 the stent provided with means for imparting a radial 
force at rts distal end that fe greater than the radial force 
in the portion of the stent praxirral to the distal end. 

ft Is yet a further ol^ect of this mvention to provide 
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an expandable stent, comprising: a plurality of flexible 
cells defining a stent having a proximal end and a distal 
end. the stent provided with means for imparting a radial 
force at its proximal and distal ends that is greater than 
the radial fore of that portion of th stent disposed 
between the proximal and distal ends. 

It is another object of this invention to provide an 
exparxiable stent for treating a lumen having a unique 
characteristic along a portion of the lumen, comprising: 
a plurality of interconnected flexible cells, the cells 
arranged In a plurality of interconnected flexible rows 
defining a stent having a proximal end and a distal end 
and a longitudinal axis, wherein at least one of the rows 
is adapted to accommodate the unique characteristic of 
that portion of the lumen in contact with the adapted row 
or rows. 

it is yet another object of this invention to provide a 
single flextole stent with a unibody or one-piece con- 
struction which is capable of imparting support to a 
lumen or vessel along the entire length of the stent and 
in which portions of the stent are adapted or modified so 
as to have characteristics, e.g., bending sUength or 
radial strength, that are different than the characteristics 
or features in the rest,of the stent along it's longitudinal 
axis or about its circumference. The change in stent fea- 
tures will either accorrvnodate non-uniformity in the 
treated lumen or may create different environmental 
conditions in different areas in the lumen. Non-uniform- 
ity in a treated vessel can be of many different types 
such as an ostium, cfiange in diameter, change in cur- 
vature, non-continuous cross-section such as triangular 
or square, or non-unrfornr^ in surface nature, etc. To 
accomnxxfate such non-uniformity, portions of the stent 
may be adapted to provide changing dimension, flexibil- 
ity, rigidity, size of cells, shape of cells, and response to 
pressure as dctated by specific applications. Specific 
applications may dictate, e.g.. a desired higher radial 
force at one end while the other portions of the stent 
provide a substantially continuous support to the vessel 
wall with the gaps in the stent sized small enough to 
retijce the likelihood of tissue prolapse. Other applica- 
tions may dictate a desired degree of stiffness in the 
center to reduce the likelihood of breakage and impart 
the desired degree of softness at the end to allow for the 
best fit with the anatomy of the target area. Other appli- 
cations may dictate that one or more of the rows be pro- 
vided with cells that are sized larger than the cells in the 
rerraining rows of the stent so as to provide access to a 
side branch in the iiOTien, e.g., for introducing a second 
stent through one of the larger sized cells so as to per- 
mit construction of a bifurcated stent within the lumen. 
Still another application may dictate that one or more of 
the rows be provided with ceils which are adapted or 
modified so that upon expansion of the stent the portion 
of the stent defined by the adapted or nnodified row or 
rows has a diameter that is either larger or smaller than 
the remaining portions of the stent to accommodate 
lumens with non-uniform diameters. One or more rows 



of cells may also be adapted or modified so as to have 
varying radial force, or varying longitudinal flexit)ility. or 
to correct for a change in properties at the end of the 
stent 

5 

SRIgF DESCRIFTION OF THE DRAWINGS 

Rg. 1 shows an illustration of the basic pattern of an 
enrtxxliment of the sterrt of the present invention, 

10 shown in an ixiexpanded state: 

Rg. 2 shows an illustration of the pattern of the 
stent of Rg. 1 . in a partially expanded state; 
Rg. 3 is a side view showing a conventional stent 
and a stent manufactured in accordance with one 

15 enrtfxxliment of the invention: 

Rg. 4 shows the stents of Rg. 3 crinnped on a bal- 
loon catheter and bent prior to expansion; 
Rg. 5 shows the stents of Rg. 4 after they have 
been expanded in a curve; 

20 Rg. 6 shows the stents of Rg. 3 partially expanded 
on a substantially straight balloon catheter: 
Rg. 7 shows an alternative errtxxJiment of the 
invention provided with a shortened C-shaped kX3p 
and in which two rows of cells are proved with 

25 thinner gauge U-shaped loops; 

Rg. 8 shows the stent of Rg. 7 partially expanded 
on a substantially straight balloon catheter; 
Rg. 9 shiows the stent of Rg. 7 after it has been 
expanded on a curved catheter as it would be when 

30 inserted around a bend in a vessel; 

Rg. 10 shows an aKernative embodiment of a stent 
constructed in accordarK:e witii the invention; and 
Rg. 1 1 shows the "S" or "Z" shaped loops con- 
structed in accordarwe with the invention. 

35 

DETAILED DESCRIPTION OF THE INVENTION 

Rg. 1 shows the general configuration of one 
embodiment of a stent 1 fabricated in accordance with 

40 the present inventkxi. The stent 1 may be fabricated of 
biocompatible materials such as stainless steel 31 6U 
gold, tantalum, nitirxsl or other materials well known to 
those skilled in the art as suitable for this purpose. The 
dimensiorre arxi gauge of material utilized may be var- 

45 ied as specific applk;ations dictate. The stents of the 
present invention generally may be constructed in a 
manner in accordance with the sterrt described in U.S. 
Patent Application Serial No. 08/457.354, filed June 1. 
1995. the disclosure of which is incorporated herein by 

so reference. 

Rg. 1 is a side view of the distal end 2 of stent 1 of 
the present invention, showing the general pattern of 
ttie stent As shown in Rgs. 1 and 2 ttie pattern may be 
described as a plurality of cells 3 and 3'. Each cell 3 is 

55 pronded with a first member 4. a second member 5. a 
tftird mOTber 6, and a fourth member 7. A first C- 
shaped loop 10 is disposed between the first member 4 
and the third meniber 6and a second C-shaped loop 11 
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is disposed between the second member 5 and the 
fourth member 7. In each f the ceils 3. first member 4. 
secoDd member 5, third member 6, arxl fourth member 
7 are substantiaily equal. Thus, first C-shaped loop 10 is 
displaced a distance 01 and second C-shaped loop 1 1 
is displaced a distance 02 from the center of cell 3. In a 
prefen-ed errtxxJiment. 01 is substantiaily equal to 02. 
A first f lexa)le connector 8 is disposed between the first 
member 4 and the second member 5 and a second flex- 
ible connector 9 is disposed between third mermber 6 
and fourth member 7. The flexible connectors 8 and 9 
may be made in a variety of shapes. e.g,. an "S" or a "Z" 
shape as shown in Fia 1 1 . In a preferred embodiment 
a "IT shape is utilized as shown in Figs. 1 to 10. 

Rg. 1 shows the pattern or stent 1 in an unex- 
panded state, that state in which the stent 1 is first 
inserted in a particular vessel in which a balloon angi- 
oplasty procedu'e is to be performed, but before balloon 
inflation. Fig. 2 shows the pattern of stent 1 in a partially 
expanded state, i^ that state after the balloon has 
been expanded, by a balloon, and the state in which 
the stent 1 remains in the vessel which it supports. The 
plurality of interconnected cells 3 and 3* form a plurality 
of interconnected rows 25. 26. 27, and 28 of cells dis- 
posed along the longitudinal axis of the stent 1. Rgs. 1 
and 2 show a dstal row 25 disposed at the distal end 2. 
a row 26 adjacent to and proximal to distal row 25. a row 
27 adjacent to and proximal to row 26, and a row 28 
adjacent to and proximal to row 27. It will be appreciated 
thai the number of rows, and the number of cells per 
row, and the shape of each cell, may be varied as spe- 
cific applications require. 

As shown in Rgs. 1 and 2. the cells 3* in distal row 
25 differ from the cells 3 in rows 26, 27, and 28. The first 
member 4' and the third member 6' of the cells 3' in row 
25 are shorter than the first member 4 and the third 
member 6 of the cells 3 in rows 26. 27 and 28. In ceil Z\ 
first member 4' is substantially equal to third member 6*. 
however, first member 4' and third member 6' are 
shorter ttian second member 5' and fourth member T, 
The shorter members 4* and 6' result in a first C-shaped 
loop 1 0' ttiat is not disposed as far away from the center 
of the cell 3' as second C-shaped loop 1 1 \ Thus, first C- 
shaped loop 10* may be thought of as being "shorter 
than second C-shaped loop IV. As shown in FIG. 2. 
first C-shaped loop 1 0' is deposed a distance DV that is 
less than the distance 02' that second C-shaped loop 
1 r is disposed from the center of the cell 3\ In an espe- 
cially prefen-ed embodiment, 0 V is about 15% less than 
D2\ 

Rgs. 1 and 2 also show that the distal row 25 of the 
stent 1 is provided with a first U-shaped loop 8' and a 
second U-shaped loop 9' that are more flexible than the 
first U-shaped loop 8 and second U-shaped loop 9 of 
cells 3 in rows 26, 27. and 28 of the stent 1 . This greater 
flexibility in the U-shaped loops 8* and 9* may be acconv 
plished in a variety of ways, for exampl . by utilizing a 
different materiaJ, by treating the material e.g., by utiliz- 



ing stainless steel annealing to impart selective degrees 
of hardness to the different portions of the stent. Alter- 
natively, if. e,g., NiTi (Nitinol) is utilized, selected por- 
ikjns of the stent may be selectively thermo- 

5 medianicaily treated so that porti ns of the stent e.g.. 
the U-shaped mefTt>ers, will remain in a marterisitic 
phase while other portions of the stent will be trans- 
formed into austenitic phase in this section to yield dif- 
ferent properties. Greater flexibility nnay also be 

w achieved by changing the shape of the "U". for example 
to a "Z" or an "S" (as shown in FIG. 1 1), or by reducing 
the amount of material utilized to make the U-shaped 
loops 8* and 9*. In the embodiment shown in Figs. 1 and 
2, the U-shaped loops 8' and 9* of row 25 are provided 

15 with the same thidaiess of material as the U-S|haped 
loops 8 and 9 of the cells 3 in rows 26, 27. and 28, how- 
ever, U-shaped loops 8* and 9' are not as wide. As 
shown in Rgs. 1 and 2. U-shaped loops 8' and 9' have a 
width W1 that ts less than the width W2 of U-shaped 

20 loops 8 and 9 in the ceils 3 of rows 26. 27. and 28. In a 
preferred embodiment, W1 is about 50% nan-ower than 
W2. In an especially preferred embodiment. W1 Is 
about 40% narrower than W2. 

Rg. 3 is a side-by-side comparison of two stent sec- 

25 tons and shows a conventional stent 12 compared to 
the stent 1. shown in Figs. 1 and 2. Rg. 4 shows stents 
1 and 12 shown in Rg. 3 as they appear when they are 
aimped on a balloon and bent as they would be during 
insertion around a curve in a vessel. As shown in Rg. 4, 

30 conventional stent 12 flares at its leading edge 13 in 
contrast to stent 1 which does not Rg. 5 shows the 
stents of Rg. 4 after the stents have been expanded in 
a curve. The tip of conventional stent 12 produces a pro- 
trusion or sharp point 13 which could cause local pres- 

35 sure and possible trauma to the vessel wall. In contrast, 
the stent 1 constructed in accordance with the invention 
bends gently at its end 2 without forming a protrusion or 
sharp point because the deformation of the of U-shaped 
loops 8' and 9* in distal row 25 make the end 2 softer. 

40 Rg. 6 shows the Stents 1 and 12 of Fig. 3 at partial 
expansion (before reaching maximum pressure) dis- 
posed on a substantiaily straight catheter. As shown, 
although the two stents 1 and 12 are subjected to the 
same outward force, the end 2 of stent 1 is less - 

45 expanded than the end 13 of conventional stent 12 
demonstrating the increased radial force of the end 2 of 
stent 1 constructed in accordance with the invention. At 
full pressure the radii of the stents 1 and 12 will be 
equal, however, the end 2 of stent 1 will have greater 

50 radial resistance to collapse than the end 13 of stent 12. 
Rg. 7 shows an alternative ennbodiment of the 
invention. As shown in Rg. 7, the cells 3* in row 25 are 
provided with a first member 4' and third men*er 6' that 
are shorter ttian second member 5* and fourth merTt>er 

55 r. The cells 3* in row 25 are provided with a first U- 
shaped loop 8' and a second U-shaped loop 9* that ar 
thinner than the U-shaped loops 8 and 9 in the cells 3 in 
rows 27 and 28. The cells 3" in row 26 are provided with 
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first U-shaped loops 8" and secx>nd U-shaped loops 9" 
that are narrowef than the U-shaped loops 8 and 9 in 
the cells 3 in rows 27 and 28. 

Fig. 8 shows the stent 20 of Fig. 7 during partial 
expansion of the stent shewing the deaeased expan- 
sion of row 25 at partial expansion because of the 
higher radial force of the end 2 of the stent which results 
from construction with shorter C-shaped loops 10* in 
row 25. construction with narrower, i.e. . more flexible. U- 
shaped loops 8' and 9* in row 25, and 8" and 9" in row 
26- 

Fig. 9 shows the stent 20 of Figs. 7 and 8 after it has 
been expanded in a curved vessel and shows the bends 
of the U-shaped loops 8' and 9' in row 25 and 8" and 9" 
in row 26 which allows the end portion 2 of the stent 20 
to tnofe readily conform to the curve of the vessel, cre- 
ating smooth ends with no sharp points or projections 
projecting into the vessel wall. 

The changes can be wade on one side only or on 
both sides of the stent as specific applications dictate. 
Additionally, different combinations of embodiments of 
the invention may be mixed such as using thinner U- 
sfiaped loops, longer U-shaped loops or different 
shaped loops, e.g., "Z" or "S". 

One example of how this may be achieved is shown 
in Fig. 10. Fig. 10 shows how the stent shown in Rg. 7 
may be nxxjified, if additional flexibility is desired. As 
shown in Fig. 10, the distal row 25. and the proximal row 
29 of stent 30 are provided with first and second U- 
shaped loops that are more flexible than the U-shaped 
loops in tiie other rows of the stent disposed between 
the distal and proximal rows 25 and 29. In the embodi- 
ment of the invention shown in Rg. 10. the distal row 25 
is provided with shortened *memt>ers 4' and 6* and nrwre 
flexit)le U-shaped loops 8* and 9*. as previously dis- 
cussed, and the proximal row 29 is provided with short- 
ened second and fourth members 5" and 7" and more 
flexible U-shaped loops 8" and 9". This arrangement 
imparts greater radial strength and greater flexbitity to 
tx)tii ends of the stent. 

If even greater flexibility at the ends of the stent is 
desired, the stent shown in FIG. 10 nrtay be modified by 
replacing the U-shaped loops in rows 26 and 28 with 
rrwre flexible loops. Thus, the distal row. the row proxi- 
mal to the distal row. the proximal row. and the row distal 
to the proximal row are provided with U-shaped loops 
that are more flexible than the U-shaped loops in the 
cells in the remaining rows of the stent. 

The present invention contemplates a number of 
different variations and changes in different properties 
to achieve other non uniform features such as, but not 
limited to. cell size, ceil shape, radio-opacity, etc. on the 
atxsve-described preferred embodiments. The specified 
changes are brought only as an example for the applica- 
tion of the general conc^t which is the basis for the 
present invention that stents with varying mechanical 
properties between sections along the stent may correct 
undesired effects at singular points such as stent ends 



and provide for a better fit to a vessel with properties 
changing along its axis. It is to t>e understood ttiat the 
above description is only of one prefen-ed embodiment, 
and that the scope of the invention is to be measured tsf 
5 the claims as set forth below. 

Claims 

1 . A expandatsfe stent, comprising: a plurality of inter- 
10 connected ilexbie cells defining a stent having a 

proximal end and a distal end and a longituc&iai 
axis, the cells arranged in a plurality of intercon- 
nected flexible rows disposed along the longitudinal 
axis of the stent with a distal tom dsposed at ffie 
15 dstal end of the stent and a proximal row disposed 
at the proximal end of the stent, wherein the cefls 
dsposed in the distal row of the stent are adapted 
to exert greater radial force and are adapted to be 
more flexible than the ceils disposed in the rows 
20 dsposed between the distal row and the proximal 
end of the stent 

2. The stent of daim 1 . wherein the cells in the cfistai 
row are of a different size than the cells disposed in 

25 the rows disposed between the distal row arvJ the 
proxinral end of the stent 

3. The stent of claim 1 . wherein the cells in the dtetai 
row are of a thinner gauge than the gauge of the 

30 material utilized in the cells disposed between the 
<fistal row and the proximal end of the stent. 

4. The stent of claim 1 . wherein the cells in the cfistal 
row are made of a material that is more flexible than 

35 the material utilized in the cells disposed between 
the distal row and the proximal end of the stent 

5. An expandable stent comprising: a plurality of 
interconnected flexible cells defining a stent having 

40 a proximal end and a distal end and a longitixfinal 
axis, the cells arranged in a plurality of intercon- 
nected f lexit)le rows disposed alor>g tiie longitucfinal 
axis of the stent with a d^tal row disposed at tfie 
dstal end of the stent and a proximal row disposed 

45 at the proximal end of the stent, wherein the cells in 
the distal row of the stent arxJ the cells disposed hi 
tiie proximal row of tiie stent are adapted to exert 
greater radial force and are adapted to t>e more 
f lex&le tiian the cells disposed in the rows disposed 

50 between the distal row and the proximal row. 

6. The stent of claim 5. wherein the cells in the cfistal 
row arxi the proximal row are of a (Afferent size than 
the cells disposed in the rows disposed between 

55 tiie distal row and the proximal row of th stent 

7. The stent of claim 5, wherein the ceils in the cfistal 
row and the proximal row are of a thinner gauge 
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than the gauge ot the material utilized in the cells 
disposed between the distal row and the proximal 
row of the stent. 



15. Th stentofdaim 14. wherein ttiefrst and the sec- 
ond flexble connectors in the distal row are about 
40% nanxjwer than the first and the second flexSste 
connectors in the cells in the other rows of the stent 



8. The stent of daim 5. wherein the cells in the distal s 

row and the proximal row are made of a material 16. Ihe stent of daim 9. wherein the first and the see- 
that Is more flexible than the material utilized in the ond flexft)le connectors in the distal row are 
cells disposed between the distal row and the proa- annealed to impart a hardness that is different than 
imal row of the stent the hardness of the flexitiie connectors in the other 

10 rows of the stent 

9. An expandable stent, comprising: 

17. Thesterttof daim 9, wherein the stent is comprised 

a) a pliraiity of interconnected flexible cells of NiTi and the first and the second flexible connec- 
defining a stent having a proximal end and a tors in the distal row of the stent are in a martensHic 
distal end and a longitudinal axis, the cells is phase and the remaining portions of the stent are m 
arranged in a plurality of interconnected flexible the austenitic phase. 

rows disposed along the bngitudinal ax^ of the 

stent with a distal row disposed at the distal 18. The stent of claim 9. wherein the cells in the <£stal 

end of the stent and a proximal row disposed at row are of a thinner gauge than the gauge of the 

the proximal end of the stent, each of the f lexi- 20 material utilized in the cells disposed between the 

ble cells comprising a first member, a second distal row and the proximal end of the stent, 
member, a third member and. a fourth mem- 

^gj.. 19. The stent of claim 9. wherein the cells in the (fistal 

b) a first C-shaped loop dsposed between the row are made of a material that is more flexible than 
first men4>er and the third member; 2s the material utilized in the cells disposed between 

c) a second C-shaped loop disposed between the distal row and the proximal end of the stent 
the second member and the foirth member; 

d) a first flexWe connector disposed between 20. An expandable stent, corrprising: 
the first member and the second merrter; and 

e) a second flexible connector disposed so a) a plurality of interconnected flexible cells 
between the third mender and the fourth mem- d^ng a longitudnal stent having a proximal 
ber, wherein the cells of the distal row are pro- end and a distal end and a longitudinal axs, the 
vided with first and third members that are cells ananged in a plurality of interconnected 
shorter than the second and fourth members in f lextole rows disposed along the longitudinal 
the distal row, and wherein the distal row is pro- 35 axis of the stent with a distal row disposed at 
vided with first and second flexible connectors the distal end of the stent and a proximal row 
that are more flexible than the flexible connec- disposed at the proximal end of the stent, each 
tors in the cells in the other rows of the stent of the f lextole cells comprising a first member, a 

second member, a third mennber. and a fourth 

10. The stent of claim 9, wherein the first and the sec- 40 member; 

ond flexible connectors are U-shaped. b) a first C-shaped loop disposed between the 

first member and the third member; 

11. The stent of claim 9. wherein the first and the sec- c) a second C-sh^ed loop disposed between 
ond flexible connectors are S-shaped. the second member and the fourth member: 

45 d) a first flexible connector disposed between 

1 2. The stent of claim 9. wherein the first and the sec- the first merrt)er and the second member; and 
ond flexible connectors are 2-shaped. e) a second f lextole connector disposed 

between the third menter and the fourth mem- 

1 3. The stent of claim 9. wherein the f tr^ and the third ber. wherein the cells of the distal row are pro- 
men*ers in the distal row are about 15% shorter so vided with first and third members that are 
tfan the second and the fourth members in the dis- shorter than the second and fourth members in 

the distal row. and wherein the distal row. and 
in the row proximal to the c£stal row, are pro- 

14. The stent of claim 9. wherein the first and the sec- vided v«th first and second flexible connectors 
ond flextole connectors in the distal row are nar- 55 that are more f lextole than the flexible connec- 
rower than th first and the second flexible tors in the other rows of the stent, 
connectors in the cells in the other rows of the stent 

21. The stent of daim 20. wherein the first and the sec- 
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ond flexible connectors are U-shaped. 

22. The stent of ctaim 20. wherein the first and the sec- 
ond f lexibi connectors are S-shaped. 

5 

23. The stent of daim 20. wherein the first and the sec- 
ond flexible connectors are Z-shaped. 

24. The stent of claim 20. wherein the first and the third 
merTi}ers in the distal row are about 15% shorter io 
than the second and the fourth members in the dis- 
tal row. 

25. The stent of claim 20. wherein the first and the sec- 
ond flexible connectors in the distal row and in the is 
row proximal to the distal row are nan-ower than the 
first and second flexible connectors in the cells in 
the other rows of the stent 

26. The stent of claim 25. wherein the first and the sec- 20 
ond flexible connectors in the distal row and in the 
row proximal to the distal row are about 40% nar- 
rower than the flexible connectors in the cells in the 
other rows of the stent. 

25 

27. The stent of claim 20. wherein the first arxi the sec- 
ond flexible connectors in the distal row and in the 
row proximal to the distal row are annealed to 
impart a hardness that is different from the hard- 
ness of the flexble connectors in the other rows of 30 
the stent 



the stent ar»d a proximal row disposed at the 
proximal end of the stent each of the flexible 
cells connprising a first mefrt)er. a second 
member, a ttiird member, and a fourth ment>er; 

b) a first C-shaped loop disposed between the 
first meatt>er arxi the third member; 

c) a second C-shaped loop disposed between 
the secorxi mennt}er arxi the fourth member; 

d) a first flexible connector disposed betwe^ 
the first member and the second member; and 

e) a second flexible connector disposed 
between the third member and the fourth mem- 
ber, wherein the cells of the distal row are pro- 
vided with first and third members that are 
shorter than the second and fourth members in 
the distal row. and wherein the cells of the prox- 
imal row are provided with second and fourth 
members that are shorter than the first and 
third members in the proximal row. and wherein 
the distal row. and the row proximal to the distal 
row, and the proximal row and the row distal to 
the proximal row are provided with first and 
second flexible connectors that are more flexi- 
ble than the flexble connectors in the other 
rows of the stent 

32. The stent of claim 31 . wherein the first and the sec- 
ond flexible connectors are U-shaped. 

33. The stent of claim 31 , wherein the first and the sec- 
ond f lex^e connectors are S-shaped. 



28. The stent of claim 20, wherein the stent is com- 
pr^ed of NiTl and the first and the second flexible 
connectors in the distal row arxi the row proximal to ss 
the distal row are in a martensitic phase and the 
remaining portions of the stent are in the austenitic 
phase. 

29. The stent of claim 20. wherein the cells in the distal 40 
row and in the row proximal to the distal row are of 

a thinner gauge than the gauge of the material uti- 
lized in the cells disposed in the other rows of the 
stent 

45 

30. The stent of claim 20. wherein the celts in the distal 
row and the row proximal to the distal row are made 
of a material that is nrxxe flexible than the material 
utilized in the cells disposed in the other rows of the 
stent 50 

31. An expandable stent conprising: 

a) a plurality of flexit)le cells defir^ng a stent 
having a proximal end and a distal end arxi a ss 
longitudinal axis, the cells arranged in a plural- 
ity of flexOsle rows along the longitudinal axis 
with a distal row disposed at the distal end of 



34. The stent of claim 31 . wherein the first and the sec- 
orxi flexible connectors are Z-shaped. 

35. The stent of claim 31 , wherein the first and the sec- 
orxi flexible connectors in the distal row. the row 
proximal to the distal row. the proximal row, arxi the 
row distal to the proximal row are narrower than the 
first and the secorxi flexible connectors in the cells 
disposed in the other rows of the stent. 

36. The stent of claim 31 . wherein the first and the sec- 
ond flexible connectors in the distal row. the row 
proximal to the distal row, the proximal row. and the 
row distal to the proximal row are narrower than the 
first and the secorxi f lexftsle connectors in the cells 
dsposed in the other rows of the stent. 

37. The stent of claim 36. wherein the first and the sec- 
ond flexible connectors in the distal row, the row 
proximal to the distal row. the proximal row. and the 
rcw distal to the proximal rm are about 40% nar- 
rower than the first arxi the second f lex^e connec- 
tors in the ceils disposed in the other rows of the 
stent 

3a The stent of claim 31. wherein the ftexisle oonnec- 
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tors in the distal row, the row pr ximal to the distal 
row, the proximal row, and the row distal to the prox- 
imal row are annealed to irrpart a hardness that is 
different from the hardness of the first and the sec- 
ond flextol connectors in the c lis deposed in the 5 
other rows of the stent. 

39. The stent of daim 31. wherein the stent is conv 
prised of NiTi and the first and the second flexible 
connectors in the distal row, the row proxinnal to the to 
distal raw. the proximal row. and the row distal to 
tt)e proximal row are in a martensrtic phase and the 
refraining portions of the stent are in the austenitic 
phase. 

IS 

40. The stent of daim 31 , wherein the cells in the distal 
row, the row proximal to the cfistal row. the proximal 
row, and the row distal to the proximal row are of a 
ttinner gauge than the gauge of the material uti- 
lized in the cells disposed in the other rows of the 20 
stent 

41 . The stent of daim 31 . wherein the cells in the distal 
row, the row proximal to the distal row, the proximal 
row. and the row distal to the proximal row of the 25 
stent are made of a material that is more flexible 
than the material utilized in the cells disposed in the 
other rows of the stent. 

42. An expandable stent, comprising: a plurality of flex- 30 
ble cells defining a stent having a proximal end and 

a cfistal end, the stent provided with means for 
imparting a radial force at the distal end that is 
greater than the radial force in the portion of the 
stent proximal to the distal end. ^ 

43. The stent of claim 42 further provided with means 
for inparting flexibility to the distal end of the stent 
that is greater than the flexibility of that portion of 

tfie stent proximal to the distal end. ^ 

44. An expandable stent, comprising: a plurality of flex- 
ble cells defining a stent having a proximal end and 
a cfistal end. the stent provided with means for 
inparting a radial force at its proximal and distal 45 
ends that is greater than the radial force of that por- 
tion of the stent dsposed between the proximal and 
distal ends. 



ceils, the cells ananged in a plurality of intercon- 
r>ected f lexitte rows defining a stent having a proxi- 
mal end and a distal end and a longitudinal axis, 
wherein at least one of the rows is adapted to 
acconrvnodate the unique characteristic of that por- 
tion of the lumen in contact with the adapted row. 

47. An expandable stent for treating a lumen having a 
non-uniform diameter, comprising: a piurafity of 
interconnected f lexiale cells, the cells arranged in a 
plurality of interconnected flexible rows defining a 
stent having a proximal erKl arxi a distal end and a 
lon^tudinal axis, wherein at least one of the rows is 
adapted to accommodate the non-uniform diameter 
of the portion of the lumen in contact with the 
adapted row. 

4a An expandable stent for treating a lumen having a 
non-uniform radial force, comprising: a plurality of 
interconnected f lextoie cells, the cells arranged in a 
plurality of interconnected flexible rows defining a 
stent having a proximal end and a distal end and a 
longitudinal axis, wherein at least one of the rows is 
adapted to acconvnodate the non-uniform radial 
force of the portion of the lumen in contact with the 
adapted rcw. 

49. An expandable stent for treating a lumen having a 
non-uniform tongitudinal flexibility, comprising: a 
plurality of interconnected f lextt)le cells, the cells 
ananged in a plurality of interconnected flexa^le 
rows defining a stent having a proximal end and a 
distal end arxJ a longitudinal axis, wherein at least 
one of the rows is adapted to acconvnodate the 
non-unifonn longitudinal flexibility of the portion of 
the lumen in contact with the adapted row. 

sa The stent of claim 46, wherein one of the plurality of 
rows disposed between the proximal end and the 
distal end is provided with a cell size that is larger 
than the cells in the remaining rows. 



45. The stent of claim 44 further provided with means so 
for inparting flexibility to the distal end of the stent 
and the proximal end of the stent that is greater 
than the flexibility of that portion of the stent dis- 
posed between the proximal and distal ends. 

55 

46. An expandable stent for treating a lumen having a 
unique characteristic along a portion of the lumen, 
conpristng: a plurality of interconnected flex&le 
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